Emission from a resonantly excited quantum emitter is a fascinating research topic within quantum optics and a useful source for different types of quantum light fields. The resonance spectrum consists of a single spectral line below saturation of a quantum emitter which develops into a triplet at powers above saturation of the emitter [1] [2] [3] . The spectral properties of the triplet strongly depends on pump power [4, 5] and detuning of the excitation laser. The three closely spaced photon channels from the resonance fluorescence have different photon statistical signatures [6] . We present a detailed photon-statistics analysis of the resonance fluorescence emission triplet from a solid state-based artificial atom, i.e. a semiconductor quantum dot. The photon correlation measurements demonstrate both 'single' and 'heralded' photon emission from the Mollow triplet sidebands [6] . The ultra-bright and narrowband emission (5.9 MHz into the first lens) can be conveniently frequency-tuned by laser detuning over 15 times its linewidth (∆ν ≈ 1.0 GHz). These unique properties make the Mollow triplet sideband emission a valuable light source for, e.g.quantum light spectroscopy and quantum information applications [7] .
teristic emission spectra in the frequency domain [21] , and oscillations of the second-order photon correlation function [2] were all measured directly on the resonance emission from the QD. In particular, single-photon emission from a single fluorescence line (below the emitter saturation) along with photon indistinguishability as high as 90% was demonstrated [3] . Also the AC Stark shift of an exciton was used to bring the initially split QD exciton components into resonance with each other, thus forming a polarization-entangled photon source [22] . Resonant studies on solid state quantum emitters have also highlighted some of the fundamental differences vis-a-vis isolated 'real' atoms. It was particularly demonstrated that Mollow spectra at large Rabi splittings show linewidth broadening due to the presence of excitation induced dephasing (EID) in these quantum emitters [4, 5] . Nevertheless, pure resonant excitation appears to be the ultimate way to achieve sources of nearly Fourier transform-limited photons preferable to any non-resonant excitation scheme. Here we extend the applications of resonance excitation of a QD to demonstrate single and 'heralded' photon generation from the Mollow triplet sideband emission.
We study the case where resonant pump coherently evolves the system with 'Rabi' frequency (Ω) larger than the natural linewidth of the exciton transition (Ω ≫ Γ rad ). The characteristic resonance fluorescence spectrum of such a strongly driven system consists of three distinct spectral components denoted as the 'Mollow triplet' [1] . These can be identified as the 'Rayleigh' line (R) decorated by spectrally symmetric satellite peaks with the 'fluorescence' line (F ) as the low energy component and the 'three photon' line (T ) as the high energy sideband (for terms convention see [23] ). These spectral components are a result of spontaneous emission down a ladder of pairs of so called 'dressed states'.
The dressed states are a representation of the combined QD state and laser mode along with the coupling between them [24] . Each rung of the ladder (with N number of quanta) consists of two components, i.e. |1 = c|g, N + 1 + s|e, N and |2 = c|g, N + 1 − s|e, N , For large positive detunings |∆| ≫ 0, a close inspection of the steady state solution of these dressed states reveal that state |1 obtains mainly |g, N + 1 character and the system is mostly prepared in state |1 as c 2 ≫ s 2 [6] . Thus a T photon is emitted first which puts the system into state |2 of the next lower manifold E(N), from where an F photon emission can finally occur (see Fig. 1(b) ). This time-ordered cascaded emission of a T photon 'heralding' the F transition will result in a photon bunching signature in photon cross-correlation experiments of the Mollow sidebands which will be demonstrated below. In contrast, an autocorrelation measurement on an individual sideband should show antibunching because after emission of e.g., a T photon, emission of an F sideband photon should occur before another T photon emission is possible and vice versa (see Figs. 1(b) and (c)). In contrast, photons from the central Rayleigh line should be totally uncorrelated in time, i.e. Poissonian distributed, as the emission of an R photon is not accompanied by population modulation of the emitter's state [6] . Fig. 2(c) ). Remarkably, the autocorrelation demonstrates long time scale bunching instead of pure Poissonian statistics. Such an effect is commonly detected for QD recombination signal subject to 'blinking' of the excitonic state between two or more neighboring competing states [26] . The timescale of these processes can vary from 10 ns to a few hundred ns depending on pump power [26] . The phenomenon of blinking under pure-resonant excitation can be assigned to the presence of a competing QD exciton spin configuration known as the dark excitonic state ,which is non-radiative in nature [27] .
Our g (2) (τ ) correlation data is fitted by a bi-directional exponential fit which reveals the explicit power-dependent blinking time scale and observed in all the photon correlation measurements shown in this work.
Results of photon autocorrelation measurement taken on a spectrally separated Mollow sideband (T ) are depicted in Fig. 2 laser where the time ordering is now reversed, i.e. here the T photon is heralded by the F photon (see Fig. 1(c) ). The falling edge of the correlation functions can be perfectly fitted by the time scales (0.94 ± 0.10 ns for blue-detuned; 0.89 ± 0.10 ns for red-detuned case) close to the theoretically predicted photon emission rates given by Γ = Γ rad (c 4 + s 4 ) [6] , yielding values of 1.10±0.13 ns (blue-detuned) and 1.15±0.10 ns (red-detuned), respectively.
In conclusion, we have demonstrated that an individual Mollow sideband channel of the resonance fluorescence from a single quantum dot can act as an efficient single-photon source. By spectrally separating both the Mollow sidebands, we showed that this source can act as a solid state-based heralded photon emitter as well. Possible applications of such high-brightness photon sources include the realization of semiconductor-atom interfaces for the development of photon based-memories [28] . Heralded photon sources may find applications in quantum communication protocols [29] . These high yield and narrow band sources might also be invaluable for spectroscopy of quantum emitters, where non-classical light is used for the excitation process. Using the Purcell effect by embedding the QDs in optical microcavities can result in spectrally ultrasharp emission lines [30] . Tuning the cavity into resonance with one of the Mollow triplet sideband can result in population inversion of the system and ultimately single quantum emitter lasing [31] .
Method Summary
The sample consist of a single layer of self-assembled In(Ga)As quantum dots grown by metal-organic vapor-phase epitaxy (MOVPE). The quantum dot layer is sandwiched between GaAs/AlAs DBR layers at the center of a GaAs λ-cavity. The sample is kept in a Helium-flow cryostat which is capable to stabilize the temperature to 5 ± 0.5 K. The measurements are performed on a special micro-Photoluminescence (µPL) setup [3] with orthogonal geometry between the laser excitation in the growth plane, in combination In the supplementary data we provide further explanation of experimental methods and conditions. Some of the analysis has been explained and additional results are added, which give deeper insight of the concepts in the main text.
Methods
The Michelson interferometer shown in Fig. 2(a) is used to selectively suppress the sidebands or the central line of the Mollow triplet. As explained in the main text for the measurements presented in Figs. 2 (d) and (e), the sidebands or the central peak are suppressed, respectively . The probability of photons of a certain wavelength λ to leave one output of the interferometer beam splitter is given by [1] :
where d is the path length difference between the two arms of the interferometer. The path difference should be well below the coherence length of the emission. The minimum path difference for which the two components with spectral separation of ∆λ are spatially separated is given by d 0 = λ(λ + ∆λ)/(2∆λ). Figure S1 plots the photon output [2] . The timescale between the sideband photons is given by the modified lifetime (Γ −1 ) which is greater γ −1 for the experimental data shown in Fig. 4(d) and (e) of the main text. It's noteworthy that this formulation is valid as long as the inequality Ω ≫ γ ≫ Γ rad is satisfied.
Data Analysis
There are two kinds of bunching effects in Figures 3 and 4 , where one is a long time scale effect due to the blinking of the QD dark state as explained in the main text. These are normally longer than 10 ns. The other bunching is due to the heralded photon emission and appears on a much shorter timescale of the modified emission lifetime (Γ −1 ) of the QD exciton. The theoretical fit to these data plots are given by:
The timescale of the blinking effect has a clear pump power dependence such that its time scale decreases with increasing excitation power [3] .
As mentioned in the main text, the modified emission rate Γ for the heralded emission from the Mollow sidebands under explicit laser-QD detuning ∆ is calculated by the relation:
For the auto-correlation measurement in Fig. 2(e) , the following parameters are expected for the conditions of zero detuning ∆ = 0: c 2 = 0.5, s 2 = 0.5, and Γ = 1.6 ± 0.1 GHz.
For the experimental conditions in Figs. 4(a) and (b), the following parameters are derived:
Blue-detuned case (Fig. 4(a) ): c 2 = 0.82 ± 0.04; s 2 = 0.18 ± 0.04; Γ rad = 1.25 ± 0.08 GHz, Γ = 1.13 ± 0.10 GHz.
Red-detuned case (Fig. 4(b) ): c 2 = 0.19 ± 0.04; s 2 = 0.81 ± 0.04; Γ rad = 1.25 ± 0.08 GHz, Γ = 1.15 ± 0.10 GHz.
Additional measurements (p-shell excitation)
For these measurements the QD was selectively pumped via an excited state (p-shell).
The PL spectrum under these conditions show a clear exciton line from the QD (see inset of Fig. S2(a) ). Figure S2 The data has been fitted using the following theoretical function:
where Γ −1 rad is the spontaneous emission lifetime and Γ
−1
bl is the extracted timescale associated with the 'blinking' effect of the QD. The coefficients c 1 and c 2 represents the signal to noise ratio of the detected signal. The same kind of fit is used for data in Fig 2(e) of the main text. 
